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The data on thermodynamic and molecular properties of the potassium, rubidium and
cesium hydroxides have been collected, critically reviewed, analyzed, and evaluated.
Tables of the thermodynamic propertieS,, ®°=—(G°—H*(0)/T, S°*, H°*—H*(0),

A{H°, A:G°)] of these hydroxides in the condensed and gaseous states have been cal-
culated using the results of the analysis and some estimated values. The recommenda-
tions are compared with earlier evaluations given in the JANAF Thermochemical Tables

and Thermodynamic Properties of Individual Substances. The properties considered are:
the temperature and enthalpy of phase transitions and fusion, heat capacities, spectro-
scopic data, structures, bond energies, and enthalpies of formation at 298.15 K. The

Thermocenter of the Russian Academy of Sciences, Izhorskaya st. 13/19, IVTAN, Moscow 127412, Russia

thermodynamic functions in solid, liquid, and gaseous states are calculated fr@nto
2000 K for substances in condensed phase and up to 6000 K for gasd€99©Ameri-
can Institute of Physics and American Chemical Soci@9047-268807)00204-3

Key words: bond energy, dissociation energy, enthalpy, enthalpy of formation, entropy, fusion, heat capacity,
hydroxides, moleculafvibrationa) constants and structure, phase transition, thermodynamic properties.
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1. Introduction
The  thermodynamic  properties [C,,®°=—(G®

— H°(0)/T, S°, H°—H°(0), A{H°, A{G°)] of condensed
and gaseous lithium, sodium, potassium, rubidium, and ce-
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technique used, the impurities in the samples studied, the
results obtained, and the accuracy of the data are discussed in
these reviews. Unfortunately, the literature includes several
reports which were not available to the authors. We assume
that the absence of these sources does not influence the ac-
curacy of the adopted values and the calculated thermody-
namic properties. In all cases, special attention was devoted
to estimating the uncertainties of adopted values and calcu-
lated thermodynamic properties. The selected constants and
calculated properties are compared with similar quantities in
earlier reviews[82WAG/EVA], [82MED/BER], [82GUR/
VEY] and[85CHA/DAV]. Some recommendations are ten-
tative due to the lack of reliable information. Recommenda-
tions for future measurements are given in Section 5.

The principal diffculty in providing reliable properties of
the alkali metal hydroxides is the lack of precise experimen-
tal information on(1) the crystalline phase transitioii2)
heat capacity data for the liquid sta(8) vibrational frequen-
cies of monomeric and dimeric molecules of the hydroxides,
(4) structural parameters for the dimeric molecules and data
for the more complex specie$;) the composition of the
vapor over the crystal and liquid phases, &6dthe enthal-
pies of formation for the gaseous molecules.

All crystalline hydroxides of the alkali metals except
LiOH possess polymorphism. See Table 1, Pd88GUR/
BER]. All hydroxides have several other modifications at
high pressures.

General comments:

(1) The units used throughout the text and tables are: tem-
perature in K; Gibbs energy of formation and enthalpy of
formation in kJ mol%; enthalpy, entropy, Gibbs energy
function, and heat capacity in J K mdi.

(2) In general, the literature coverage extends from the end
of the last century to 1994.

(3) The temperature scale used for the recommended values

is ITS-90. Many of the data known in the literature were

obtained using earlier temperature scales. Oftentimes the
scale is not mentioned in the papers, so it was necessary
to guess the approximate corrections. It should be noted
that belowT = 1000 K, the corrections between all tem-
perature scales are less than 1 K, while from 1000 K to

2000 K the corrections are always lessrtfaK and are

well within the uncertainty of the temperature measure-

ments.

sium hydroxides in standard states have been reevaluateéd) The following relative atomic masses are adopted

This activity was stimulated by the existence of new data
since the time of publication of four critical reviews contain-

ing analogous informatiof82GUR/VEY], [82MED/BER),
[82WAG/EVA], [85CHA/DAV].

[93IUP]: O, 15.9994; Cs, 132.90543; H, 1.00794; K,
39.0983; Rb, 85.4678.

(5) In the Appendices for each hydroxide, the experimental
values of enthalpy, heat capacity, and equilibrium con-

This review is divided into two parts: Part | was published
earlier[96GUR/BER and was devoted to the compounds of (6)
Li and Na; Part ll(this article is devoted to the compounds
of K, Rb, and Cs. The review for each compound contains a
brief description of all experimental and theoretical studies
of thermodynamic and molecular constants linked with the
calculations of tables of thermodynamic properties. The

stants obtained in the cited studies are given.

Tables of “Thermodynamic properties at 0.1 MPa” are
calculated, using thermal functions for reference sub-
stances Kcr and lig and @ Rb(cr and lig and ¢ Cdcr

and lig and ¢, H,, and Q(g) from [82GUR/VEY]. The
transition from condensed to gaseous occurs for potas-
sium at 1039 KAH (K, 0 K) = 89.891 kJ mol?], for

J. Phys. Chem. Ref. Data, Vol. 26, No. 4, 1997
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rubidium at 977 K[AH(Rb, 0 K = 82.192 kJ
mol~1], and for cesium at 948 KAH(Cs, 0 K
= 78.014 kJ mol]. The uncertainties of the standard

enthalpy and Gibbs energy of formation are estimatec
using uncertainties in the thermal functions adopted ir

this work and in[82GUR/VEY].

(7)

The fundamental constants used in the statistical me

chanical calculations are taken from the CODATA rec-
ommendation§88COH/TAY].

1.1. References for Introduction

82GUR/VEY

82MED/BER

82WAG/EVA

85CHA/DAV

88COH/TAY

93IUP

96GUR/BER

L. V. Gurvich, I. V. Veyts, V. A
Medvedev, G. A. Bergman, V. S. Yung-
man, and G. A. |. Khachkuruzov, Termo-
dinamicheskie svoistva individual’nykh
veshchestv. Spravoschnoe izdanie v 4-kh
tomakh. Moskva: Naukd(1), (1982.

V. A. Medvedev, G. A. Bergman, V. P.
Vasil'ev etal, Termicheskie konstantu
veshchestyVINITI, Moscow, 1982, Vol.

10.

D. D. Wagman, W. H. Evanst al, “The
NBS Tables of Thermodynamic Properties.
Selected Values for Inorganic,Gnd G
Organic Substances on Sl Units,” J. Phys
Chem. Ref. Datd 1, Suppl. 2(1982.

M. W. Chase, C. A. Davies, J. R. Downey,
D. J. Frurip, R. A. McDonald, and A. N.
Syverund, J. Phys. Chem. Ref. Datl4,
Suppl. 1(1985.

E. R. Cohen and B. N. Taylor, J. Phys.
Chem. Ref. Datd 7, 1795(1988.

“Atomic Weights of the Elements 1991,
IUPAC Commission on Atomic Weights
and Isotopic Abundances,” J. Phys. Chem.
Ref. Data22, 1571(1993.

L. V. Gurvich, G. A. Bergman, L. N. Gor-
okhov, V. S. lorish, V. Ya, Leonidov, and
V. S. Yungman, J. Phys. Chem. Ref. Data
25, 1211(1996.

2. Potassium Hydroxide

2.1. Potassium Hydroxide in Condensed Phases

At atmospheric pressure, KOH exists in three crystal
phases: a low temperature monoclinic modificaiidr226.7
K), space group B, with antiferroelectric ordering
(a-KOH); a room temperature monoclinic maodification
(226.7-517 K, space group B&n (B-KOH); and a high
temperature cubic modificatio(617-679 K, space group
Fm3m (y-KOH). See Table 1, Part [96GUR/BER. The
a—f transition at 226.7 K was not known before 1986
[86BAS/ELC]. Thus, in many earlier studies the transition at
517 K was denoted as—g transition.

J. Phys. Chem. Ref. Data, Vol. 26, No. 4, 1997
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Fic. 1. Heat capacity of KOH at 15-100 K.

2.1.1. Heat Capacity and Enthalpy Measurements of
KOH(cr&liq)

Temperatures below 298.15 K

[70STU/HIL]
Stull et al. measured the heat capacity in adiabatic calo-
rimeter at 20—298 K. A commercial sample of KQHe-

"agent grade) was dried under vacuum at 425 °C. Analysis

by acid titration indicated 97.8% KOH and 2.2%
K,CO;. No information concerning other impurities was
given. The low temperature adiabatic calorimeter was de-
scribed in[630ET/MCD]. The calorimeter was calibrated
using the benzoic acid standard; measurements agreed with
the standard values in the limit of 3% below 20 K, 0.5%
from 30 to 80 K, and 0.3% from 80 to 300 K. The heat
capacity values for KOH were corrected for the presence of
2.2% K,CO;. Stull et al. only reported smoothed heat capac-
ity values(see Table 1 and Figs. 1 ang. Zhey detected a

80

E £
E E
E r++++ [B8WHI/PER N L
©J  sseen 70STU /HIL 5* -
— ™7 c Lt
Tf 5 T T N
o 1 R
€ o3 .
i LO: +
] +8
‘T ] +
X 3 °
. < .
27 .
OQ E ’
3 .
E .
[ B!
M
. T/K
O:
S A B R A RRRABEASRRS
50 100 150 200 250 300 350

Fic. 2. Heat capacity of KOH at 100—350 K.
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broad\ -type transition with a heat capacity peak at 227.5 K,
but the value of the enthalpy of transition was not given. The

&)
(@]
J

. . +++++ [BBWHI/PER
extrapolation of the heat capacity below 20 K by thelBw seccs Zigngﬂv//%[ﬁi
led t0 S° (20 K) = 0.54 JK'mol ! and H° (20 K) 40 frécsesete [51VED,)SKU

—  Recommended

—H°(0) = 7.9 Jmol!. Stull etal. calculated the values
$°(298.15 K = 18.85 calK! mol™! = 78.87 JK?
mol~! and H° (298.15 K—H°(0) = 2904 calmol?
= 12.15 kJ mol %

[88WHI/PER]

White et al. measured the heat capacity at the tempera
tures from 16.65 to 341.71 K. The sample was prepared b
drying of KOH (“Alpha ultrapure™) in vacuum at 160 °C in
a zirconium crucible. The sample contained 0.05 mass 9
H,O and 2.8 mass % §CO; as impurities(the level of car-
bonate impurity was determined by x-ray powder diffrac- P n s A+ aananss i
tion). The heat capacity of powdered KOB0.6911 ¢ was
measured in a heat-pulse adiabatic calorimg4WWHI] with
an accuracy 1%; 130 experimental values were obtaisee F
Table 2 and Figs. 1 and)2The authors determined a wide

N-anomaly in the heat capacity curve between 210 anq 23ﬁ1easurements for liquid KOKE91—1228 K . These data
K centered at 226:70.2 K. The enthalpy of the transition .. isted in Table 3 and shown in Figs. 3 and 4. Twelve

was derived from integration of the excess heat capacity; thSnthaIpy measurements were not used in the least-squares
results wereA,H=222+3 Jmol'! and A,S=1.01 J analysis.
namic functions. represented by linear equatiofis cal ¢):

Temperatures above 298.15 K B-cr(273=522 K:H°(T)-H°(273 K)=0.32T-273.15 K),
[51VED/SKU] . . .

Vedeneev and Skuratov measured the enthalpy between lig,(673 1228 K:H(T)-H*(273 K)
19 and 100 °C. A commercial sample of KOFKahl- =52.5+0.354T-273.15K).
baum™), containing about 15% }O, was dehydrated in a dry
stream of N by heating in a silver container at 400—-420 °C,
then in vacuum(p = 2-3 mm H during 24-28 h. The
chemical analysis of the sample gave 98.51% KOH, 1.4

()
o

Lot lg v byl

N
(&)
1

H(T) — H°(298.15) (kJ "mol™")

Lt

®

. 3. EnthalpyH°(T) — H°(298.15 K for solid KOH at 298—-679 K.

Thus, constant values for heat capacity #KOH and
KOH(liq) were recommendedC, = 0.32 calK'g™*
gy 751 JK*mol™* and C;, = 0.35£0.02 calK'g™*

K,CO; and 0.01% HO. The six enthalpy measurements =82.2+4.7 JK 1 mol™ 1, respectively. Note that this latter
were made in a massive copper drop-calorimeter calibrateré‘alue was fquded by Powers and Blalock _frc_)_m 0.354 to
by the heat capacity of water. The average value of “meal -35 cal K*g™". In view of the poor reproducibility of the
heat capacity” was calculated &,(19-100 °G=0.2996
+0.0006 cal K1 g 1. After correction for KCO, impuri-
ties, the value 0.3009 cal'® g~! was obtained, and then
H°(373.15 K-H°(292.15 K=5721 Jmol! and
H°(373.15 K—H°(298.15 K=5318 J mol .. 90

[54POW/BLA]

Powers and Blalock measured the enthalpy
H(T)-H(273.15 K of solid and liquid KOH from 435 to
1228 K. The capsule material was nickel. Chemical analysi:
of the sample of KOH carried out after measurements o
enthalpy showed an increase of®0; impurity from 0.12%
up to 0.28% and a decrease of the total alkalinity from 100%
to 98.68%.

A Bunsen ice calorimeter was us¢f1RED/LON]. The
calorimeter was calibrated with aluminax{Al,O3) in the
range 700-1200 K; the results were in agreement with thi e S S
US NBS datd47GIN/COR to within 3%. Powers and Bla- 650 750 850 950 1050 1150 1250
lock made four measurements @KOH enthalpy(435-491
K), seven measurements fgrKOH (532-571 K, and 69 F

***** 54POW/BLA
owoaa [71GIN/GUB
Recommended

H(T) — H°(298.15) (kJ mol™)

T /K

prresrr by b e berr e i

G. 4. EnthalpyH°(T) — H°(298.15 K) for liquid KOH at 679—1228 K.
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342 K). The data of these two studies are in poor agreement.
BBWHI/PEI? Below 40 K the deviations are about 30%. In the range 50—

b coeno |71GIN/GUB
1009 e 54POW//BLA 100 K the heat capacity values obtained TOSTU/HIL] lie

— Recommended

1054

PR

] 0.5%—-2% lower than those frol@8WHI/PER. Above 120
95 K the deviations increase up to 4% at 200 K and up to 6% at
] 298 K. It is difficult to explain these discrepancies. Appar-
- 993 ently, the sample of KOH used if7OSTU/HIL] was not
< 1 a I pure; the KCO; impurity was determined as 2.2%, but the
2 ] other impurities(including H,0) were not specified. In the
o o] : ’ ’ [88WHI/PER study, the KCO; impurity was slightly larger
: . : (2.8%), but impurity of HO was very small(0.05%. This
latter value was determined from the DSC endothermic ef-
fect due to fusion of the eutectic KOH - KOH,0 at 377 K.
T /K The data of Whiteet al. [88WHI/PER were adopted
] based on the good agreement between the heat capacity be-
R e A A A 21 AL WY low 342 K[88WHI/PER and the enthalpy measurements at
373.15 K [51VED/SKU] and in the range 373-503 K
Fic. 5. Heat capacity of KOH at 300800 K. [7IGIN/GUB]. The datd 70STU/HIL] do not agree with the
enthalpy measurements mentioned above; the deviations are
—5% for the enthalpy incrememi® (373 K) — H°(298.15
K) and more than 10% for the heat capacity at 3738aK-

enthalpy values foB-KOH, the authors did not use these . _
results for calculations. The heat capacity pKOH, C, Ip;a;;%n:g;gg L}eat capacity djff0STU/HIL] were extrapo

=0.335calK1g ! =78.6JK mol ! was estimated as
an average value between the values g6fOH and liquid
KOH. The enthalpy of transition A,H(249°Q=24
calg '=5.63 kJmol! and the enthalpy of fusion
ApsH (406 °O = 40 calg! = 9.39 kJ mol' ! were calcu-

Calculation of the thermal functions in the range 5-298.15
K (see Table 1pwas made by the spline meth¢84LUT/
GUR] using the data of Whiteet al. [BBWHI/PER. At
298.15 K it results in the following values:

Cp(298.15 K = 68.930.7 J K tmol?,

lated. S° (298.15 K = 81.25-0.8 J K 1 mol 1,
[71GIN/GUB, [71GIN] H° (298.15 K—H°(0) = 12600+ 100 J mol ..
Ginzburget al. measured the enthalgymean heat capac-  These values are compared with those recommended in

ity” ) by drop calorimetry from 373 to 1073 K. The sample different reviews(based on the daf@0STU/HIL]) in Table
was prepared from commercial KOH containing 15%0H 5. The uncertainties of the adopted values are due to the
Dehydration of the sample was carried out by heating of theliscrepancies of data mentioned above.
melt in vacuum at 450-470 °C for 1.5 h. According to the Figure 3 shows the enthalpyl®( T)-H°(298.15 K of
chemical analysis, the sample contained 98.5% KOH, 1.5%olid KOH measured if51VED/SKI1J], [54POW/BLA], and
K,CO;3 and the traces of C| SO;~ and PJ™. Nickel cap-  [71GIN/GUB]. The values oH°(T)—H°(298.15 K at 310,
sules were used. The authors carried out 51 measurements3#0, 330 and 340 K calculated by integration of the heat
the enthalpy at 19 temperatures. The enthalpy values werkgapacity datd88WHI/PER are also given on Fig. 3. All
corrected for the 1.5% 4CO; impurity. The experimental these data fo3-KOH agree satisfactorily with each other
data were given in graphical form and equations only. Theyithin about 0.5%, except those by Powers and Blalock
smoothed values of heat capacity and enthalpy are listed if564POW/BLA]. The latter are inaccurate because of low re-
Table 4 and shown in Figs. 3 and 4. producibility of experimental results, especially for solid
The following enthalpy of transition values and equationsKOH. An average deviation in this case was about 10% for
for the heat capacityin cal K~ mol') were recommended B- and y-KOH. In addition, the measuremenf§4POW/
by Ginzburget al. BLA] appear to have systematic error which yielded in over-
p-cr, (298.15-522.15 KCE:11-933+14-59'10_3T, estimation of th_e results. _This conclusion is_ made on the
basis of comparison of their measurements with the enthalpy
y-cr, (522.15-683.15 K c;: —7.735+47.13107°T, values of alumina used as a standard; the values obtained in
[54POWI/BLA] are 2%—3% higher than those recommended

qu, (683.15—1300 K C;=20.845, in [47G|N/CO|§.
Ay H(522.15 K=1229.7 cal mot* The . .equ_ation for heat capacity of the monoclinic
B-modification of KOH:
— 1
Anst(683.15 K=1744.1 cal mol™. C3/3 K™ mol~1=53.864+ 51.41510°T—-0.234
Discussion of Heat Capacity and Enthalpy Data 16T -2

Figures 1 and 2 show the low temperature heat capacity

values[70STU/HIL] (20—298 K and[88WHI/PER| (16.65— Was derived by analysis of the dd@&lVED/SKU], [71GIN/
GUB], and[88WHI/PER. The following values were used:

J. Phys. Chem. Ref. Data, Vol. 26, No. 4, 1997



1037

four points of the enthalpy incremert81GIN/GUB] (373—  [15SCAZ
503 K), one point at 373.15 K which is an average value of Scarpa studied the system KOH - KC1 and determined
six measurements of the enthalfplVED/SKU], and eight T,,=266 °C= 539 K andT;,s=3800 °C= 653 K by DTA.
points of H*(T) — H°(298.15 K at 260—340 K obtained by The sample of KOH contained 1.47%®O; as an impurity.
integration of the heat capacity measured88WHI/PER. 3EWL]

There are only two works devoted to the measurements (Q
the enthalpy increments for-KOH and liquid KOH -
[54POW/BLA] (below 1228 K and [71GIN/GUB] (below
1073 K). However, the datg54POW/BLA] are not accurate
and have systematic errorsee above In the data of [49SEW/MAR]
Ginzburg et al, the values fory-KOH were fitted by an Seward and Martin determinélg,s=249 °C= 522 K and
equation which gives a rise to the heat capacity, fromTgs=410+1°C = 683 K by DTA. The KOH sampldthe
Cp(522 K=71 J Kimol™! to C,(683 K)=102 ‘“reagent” quality) was dehydrated in a nickel container at
JK Imol™l. The comparison of the heat capacities for475-500 °C during 10—12 hours.
y-NaOH andy-CsOH shows that fory-KOH the constant [51DIO], [52RES/DI]
value close to 80 J K! mol~! might be more reliable. The Diogenov et al. studied the systems KOH - KNQand
hea.t capacity ofy-KOH then becomes .equal to the .heat Ca-KOH - K,CrO, and determined =256 °C = 529 K and
pacity of 8-KOH at Ty B-v) . For the internal consistency T=403°C = 676 K by the visual method of thermal

gf data for Iltqwd K?: anldy-K‘(m)HF:t IS gzce;sa&/ t_o |r(1jt_ro- analysis(observation of crystal appearance upon slow de-
uce corrections in the values &f,H andA;,H obtained in ecreasing of the melt temperatiire

[71GIN/GUB]. These corrections are calculated using th

Ewles obtained a value for the KOH transition tempera-
ture, T,s=242 °C= 515 K, by the disappearance of fluores-
cence.

equation: [52BER/KHI], [53KHI/KHI], [54KHI]
Khitrov and co-authors determindg =240 °C= 513 K
[H°(683.15 K—H®(522.15 K]—C,(y-KOH) and T;,<=406 °C = 679 K by thermal analysis. The KOH

T T.)—(35860—21937—80(683.1 99 1 sample was dehydrated by heating in a silver container at
~ (Trus™ Tiy) = (35860~ ¥—80(683.15-522.1p 500 °C in a stream of 0 and CQ—free air for 6 h. A
=1.05 kJ mol? chemical analysis showed that the sample of KOH contained

the traces of KO and KCO; only.
and dividing the value 1.05 kJ miot into two parts(0.45 2

and 0.6 kJ mol?). These values are added to the values of >4BER/RES

AyH andAqH obtained in[71GIN/GUB]; Bergman and Reshetnikov determined the fusion tempera-
rs fus ture, T,s=404+1°C, by the visual method of thermal
AyH=5.15+0.45=5.6 kJ mol?, analysis.
ApH=7.3+0.6=7.9 kI mol™ [S4POW/BLA

Powers and Blalock obtainefl,H=5.63 kJmol'! and
Figure 4 shows the enthalpy increments for liquid KOH A,H=9.39 kJ mol? (see discussion of the enthalpy data
measured if54POW/BLA] (691-1228 K and in[71GIN/ [56COH/MIC]

GUB] (700-1073 K. Constant valuesC, = 82.2+4.7 Cohen-Adad and Michaud investigated the system KOH -

-1 -1 1 -1
JK™"mol™* and 87.2 JK"mol"", were calculated from |, 504 determined by thermal analysis the transition
these data, respectively. As was mentioned, the data obtaln? 42°C = 515 K) and fusion temperature§401+ 1 °C
by Powers and Blalock are less accurate than the data of ., K). Chemical analysis indicted the sample of KOH
Ginzburget al. A value of 87.0 JK! mol ! for the heat contained about 1 5% JCO,
capacity of the liquid was adopted, based on the data from ' ’
Ginzburget al. [S8RES/VIL]
Reshetnikov and Vilutis obtained by DTA the transition

Phase Equilibrium Data and fusion temperatures 250 *€523 K and 404 °C= 677

[10HEVZ]

Hevesy determined the temperatures and enthalpies of
polymorphic transition and fusion by a thermal analysis
method. A commercial sample of KOfMerck” ) that con- o .
tained about 0.4% }CO, was dehydrated in a silver con- €S 401 °C= 674 K by DTA and 403 °C= 676 K by a
tainer at~450°C “for many hours.” The cooling curves visual method of thermal an_aly5|s. The deh)idratlon of KOH
were made with the rate 12 °C/min. The transition and fusior"r:""wnples was made by heating at 450-500 °C.
temperatures, 2480.5°C = 521 K and 360.40.7°C [59ROL/COH
= 633.55 K, were obtained from these measurements. The Rollet et al. prepared a sample of KOH by electrolysis of
enthalpy of transition(27.1 calg! = 6.36 kJmol'') and K,CO; water solution in a stream of H After purification
the enthalpy of fusiori28.6 cal g* = 6.71 kJmol' ') were  and dehydration the sample of KOH contained about 0.1%
obtained by a quantitative thermal analysis. K,CQO; only. For cooling and heating curves, the values

K.
[BORES/UNZ
Reshetnikov and Unzhakov measured the fusion tempera-
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Tys=242 °C = 515 K andT;,s=404 °C= 677 K were ob- [80BAI], [BOBAI/SHA], [83BAI], [88BAI/NIK]
tained. Baikov et al. obtainedT, =515 K by DTA and by a ki-

netic investigation(the anomalous temperature dependence
[Giﬂl\?(lﬁg,ugeitcgHi/nl\\/l/:acs]tigate d the systems KOH,@ and of a separation coefficient for hydrogen isotopes in the KOH

KOH-K,CO, and determined by DTAT,.=242+03°c C/Stal-gas system

= 515 K andT,=404 °C= 677 K for KOH. [86BAS/ELC] _

(iRESIRON o e e e Ko e P
Reshetnikov and Romanova studied the system KOH )

KN, and ottained by DTAT,—248+1°C = 521 K and g {70 2o ne e e Camples wae
Trs=404 °C = 677 K for KOH. y Np. g purity D

not given. The DSC measurements with slow heating rates
[63LUX/BRA] (~0.4 K/min near the transitiongave thex-curve with the

Lux and Brandl studied the system KOH @ and ob- maximum at 233 K. The same transition temperature was
tainedTys=248 °C= 521 K andTg,s=416 °C= 689 K for  derived from the temperature dependence of the dielectric
KOH. constant. For KOD the transition temperature was deter-
[66MIT/GRO] mined as 257 K.

Mitkevich and Grot investigated the system KOH-K and The structures of KOH at 77 K and 293 K have been
obtained by DTA:T,s=242-247°C= 515-520 K and determined from high resolution neutron powder diffraction
Trus=399-404 °C= 672-677 K for a KOH sample contain- data. Both modifications of KOH were monoclinic; the low-
ing 98.9% KOH and 0.5% K. temperature modification had a space groug/@®2and the
[67MIC], [68MIC] high-temperature one had a space grougfR2The phase

Michaud studied the system KOH-LIOH and obtained thetransition KOH at 233 K was described as an order—disorder
values T,=244°C = 517 K and Ty=405.2-0.3°C transition; the crystal adopted an ordered antiferroelectric ar-
= 678.35 K by DTA for a KOH sample that was dehydrated’angement.
at 500 °C during 2 h. [87MAC/JAC]

[67RES/BAR, [69RES/BAR Machet al. determined by DSC the temperature of a phase

Reshetnikov and Baranskaya investigated a sample dfansition of KOD at 251 K.
KOH that contained about 0.3%,&0; and 0.1 HO. They  [88WHI/PER]
obtained the valuesT,=242°C = 515 K and White et al. measured low-temperature heat capacity of
Trus=406-407 °C= 679-680 K by the thermal analysis. KOH (see discussion of heat capacity daiad obtained the
The enthalpy of transitiom\,;H=1.54 kcalmol* = 6.44  \-anomaly centered at 226:0.2 K. From integration of the
kJmol'* and enthalpy of fusiompH=1.98 kcalmol!  excess heat capacity in the range 210-235 K the authors
= 8.28 kIJmol* were determined by quantitative DTA; calculatedA ,H=222+3 J mol ™.
A¢H° = 6.59 kJ mol ! for NaOH was adopted as a standard.DiSCuSSion of Phase Equilibrium Data

[67RUB], [68RUB/SER The low-temperature— 8 phase transformation of KOH
Ruby studied the system KOH - KF and obtainedis a transition into an ordered antiferroelectric state. This
Tys=244 °C= 517 K andT,s=404°C = 677 K by DTA.  transition is accompanied by theanomaly of heat capacity.
Ruby et al. [68RUB/SER investigated the system KOH - Bastow et al. [86BAS/ELC] determined the maximum of
KC1 and obtained,s=405 °C = 678 K. \-curve at 233 K by DSC. More precise data were obtained
[67TSE/ROG by the heat capacity measurements made by SHudl.
Tsentsiperet al. studied the system KOH - JO and ob- [70STU/HIL] (227.5 K) and by Whiteet al. [BBWHI/PER]
tained by DTA: T,=245°C = 518 K and T;,=401 °C (226.70.2 K) (see discussion of heat capacity dataghe

= 674 K for the KOH sample containing 0.7%,80; and  latter value is adopted in present review. N
the traces of KO. The measurements of the temperaturegefy transition

(monoclinic - cubig are listed in Table 6. The results of

[71(.5|N/GUB] . . these measurements are in the range from 513 to 539 K. The

Ginzburget al. obtameld for KQHA"‘SH:E"E kJ mot comparatively high scatter of these data probably may be
and A sH=7.30 kI mol~ (see discussion of the enthalpy gy \ained by the rather low purity of the samples used for
data. investigations and by the errors of the thermal analysis
[74BEC/COU method. The best measurements of transition temperature

Using a KOH commercial sample, Bet al. obtained a  were fulfilled by [67MIC, 67RUB, 67TSE/ROG, 69RES/
transition temperature 244°€ 517 K by DTA. The authors BAR, 74BEC/COU and values in the range 515-518 K
made an x-ray investigation of the various KOH modifica-were obtained. The average valug,,=517+3 K, is
tions and observed that this temperature corresponds to adopted in the present review.
monoclinic to cubic transition. The results of numerous measurements of the melting
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point of KOH are listed in Table 7. The underestimated val-S°(T) at 500 K, respectively. For liquid KOH the differences
ues of T,s Were obtained in the older studi¢dOHEV2, increase up to 3 and 5 J¥ mol ! due to the use in this
14NAI/BER, 15SCA because the investigated samples ofstudy of different data for the enthalpies of transition and
KOH were not completely dehydrated. The valuesTgf, fusion and for the heat capacity of the liquid.

obtained in the other studies, are in the range 672—689 K. In

the present reviewl;,s= 679+ 2 K is adopted. This value is

an average of the results of the six best studiégMIC, 2.1.2. Enthalpy of Formation of KOH(cr)
68RUB, 61KOH/MIC, 67RES/BAR, 71DIO/RES, 54KHI
The enthalpy of the «a—B transition of KOH The enthalpy of formation of crystalline potassium hy-

(AyH=222+3 I mol'!) was calculated by integrating the droxide can be obtained from its enthalpy of solution in wa-
excess of heat capacity of KOH made[B8BWHI/PER] (see  ter and appropriate auxiliary data. The enthalpy of solution
discussion of heat capacity datd@his value and the entropy of KOH(cr) in water has been determined by the various
of transition A,S=1.01 J K" mol~!) was used in the cal- investigators. These data are summarized in Table 12 and
culation of the thermodynamic functions of KOH below discussed below.

298.15 K.

The data for the enthalpy g8—v transition and the en-
thalpy of fusion of KOH are listed in Tables 8 and 9. The
adopted values for the enthalpy of liquid KOH, from the data Be_rthelot(see aIscElB?SBEF_QZ) meas‘!fed the enthalpy of
[71GIN/GUB], must be in agreement with the adopted vaI-SOIUIIOn Of.KOHCD In water in a calonmgter at 284.55 K
ues of the heat capacity and the enthalpies of transformatior@ne experiment The precision of the cghbratlon and tem-
of KOH. To achieve this, we made corrections in the enthalper"ﬂure megsurements, the samp[e purlty, and the methoq of
pies of B— transition and fusion of KOH71GIN/GUB] a_na_llyS|s of final solution was not indicated. Therefore it is
(see discussion on enthalpy dasmd adopted the following difficult to evaluate the uncertainty of Berthelot’s results.

values: Ay H=5.6+0.6 kimol'! and Ay H=7.9+0.8 [1886THO®
kJ mol L. Thomsen measured the enthalpy of solution of KEHin

water at